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HITOSHI KoBAYASHI, M.D., HmoKo KoiZUMI, M.D. , AND YusHo MIURA, M.D. 
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Endogenous protein phosphorylation of pig epidermis 
by epidermal growth factor (EGF) was studied to eluci-
date biologic roles of EGF on epidermal cells. EGF stim-
ulated phosphorylation of keratin proteins (Mr: 65,000, 
60,000, 56,000, and 51,000) identified by the Ouchterlony 
immunodiffusion analysis, a low M,. protein (16,000 dal-
ton) of the urea-SDS-mercaptoethanol soluble fraction, 
and a 30,000 dalton Tris-HCl soluble protein. The phos-
phorylated epidermal proteins such as keratin proteins 
and a 30,000 dalton protein of the Tris-HCl soluble frac-
tion were slightly dephosphorylated following the addi-
tion of unlabeled phosphate. Anti-EGF serum eliminated 
the EGF-stimulated phosphorylation of keratin proteins, 
a low Mr protein, and a 30,000 dalton Tris-HCl soluble 
protein. 
The overall results indicate that EGF specificially stim-
ulated phosphorylation of several epidermal proteins, 
one of which was keratin protein. 
It has been reporte d tha t epidermal growth factor (EG F) has 
an importa nt role in cellular a c tivities (1-9]. Effect s of EGF on 
cyclic nucleotides [10] and protein phosphorylation [11] of pig 
epidermis were previously s tudied. EGF increased intracellular 
cyclic GMP and stimulated phosphorylation of pig epidermis , 
although EGF did not appear to a c t on protein phosphorylation 
through th e cy clic GMP system. 
Further s t udies t o ch aracterize phosphoryla t e d proteins s tim-
ulate d by EGF wer e attempted to elucidate biologic roles of 
EGF on epidermal cells. Several phosphoproteins of pig epider-
mis stimulate d by EGF were identified b y the a u t orad.iographic 
a nalysis of sodium dodecyl sulfate-polyacryla mide gel e lectro-
phoresis (SDS-PAGE) . Thes e EGF-stimulate d phosphopro-
t eins were a 30,000 dalton protein in the T r is-HCl soluble 
fraction, a low M ,. protein (16,000) in the urea-SDS-m ercapto-
ethanol (Urea-SDS-ME) soluble fraction and k erat in proteins 
(65,000, 60,000, 56,000, a nd 51,000 dalton) iden t ified b y the 
Ouchterlony ana lysis. The addit ion of anti-EGF serum elimi-
nate d the EGF-stimulate d phosphorylation of these epidermal 
proteins . 
MATERIALS AND METHODS 
Domestic pigs weighing 4-8 kg were anesthetized with 20-30 mg/kg 
in traperitoneal Nembutal. Dorsal skin was obtained with a Castroviejo 
keratome set at 0.2 mm with essent ially the same procedme that has 
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Abbreviations: 
EGF: epidermal growth factor 
KRB: Krebs-Ringer buffer 
32Pi: ['12P]orthophosphate 
PMSF: phenyl-methyl-sulfonyl-fluoride 
SDS-PAGE: sodium dodecyl sulfate-polyacryla mide gel electro-
phoresis 
TCA: trichloroacetic acid 
Urea-SDS-ME: 8 M urea, 2% SDS, 0.8% 2-mercaptoethanol 
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been described previously [12]. The skin thus obtained was predomi-
nantly epidermis (80-90%) with a lit tle dermal contamination. Epider-
mal slices were th en cut into 5 X 5 mm squares in modified Krebs-
Ringer buffer (KRB) (NaCl: 132 mM, K CI: 4.8 mM, MgS0 4 : 2.4 mM, 
EGTA: 0.1 mM) [13] with 1.5 mM Hepes adjusted to pH 7.4 at 4°C and 
used within 30 min. After a 20-min preincubation at 37°C, t he treatment 
was star ted in the presence of both EGF and ["2P]or thophosphate {"2Pi) 
(0.3 mCi/ml) . Incubation medium was adjusted to pH 7.4 before use. 
Epidermal slices were floated in the incubation medium and 2 epiderma l 
slices were taken out at indicated periods, rinsed in chilled KRB with 
Hepes, and immediately frozen between 2 dry-ice plates. AU frozen 
samples were kept at - 70°C before analysis. Samples were homoge-
nized twice with a glass homogenizer in 1.0 ml of 0.25 M sucrose Tris-
HCl buffer (0.025 M, pH 7.4) at 4 °C. The homogenates were centrifuged 
at 4 °C for 30 min at 25,000 X g to yield a T ris-HCl soluble supernatant 
and an insoluble pellet. A Tris-HCl soluble supernatant was precipi-
tated with T CA (final concentration: 10%) and the pellet was suspended 
in Urea-SD S-ME solution (0.1 M Tris-HCl, pH 8.5, containing 8 M w-ea, 
2% SDS, 0.8% 2-mercaptoethanol, and 1.0% phenyl-methyl-sulfonyl-
fluroide). A Tris-HCI insoluble peUet was also suspended in Urea-SDS-
ME solu tion. Both suspensions were independently boiled at 100°C for 
2 min and incubated at 37°C for 20 min. T otal suspensions thus 
obtained were cent rifuged at 2,000 rpm for 20 min and the supernatants 
were used for furth er studies. Aliquots of the supernatant were used for 
protein determination by the method of Lowry eta! [14] a nd analyzed 
by SDS-PAGE and autoradiography as described below. 
Keratin proteins of pig epidermis were extracted by the method of 
Dale and Ling [15] or Steinert [16] by using epidermal slices (0.2 mm 
thick) or pme epidermis obtained by separation with NaBr (2.0 N ) at 
37°C for 30 min, and analyzed by SDS-PAGE. 
A rabbit antiker atin serum was prepru·ed against human callus ker-
atin as previously reported [17]. 
Acrylamide gels (7.5%) were prepared before use as described by 
Fairbanks, Steck, and Wallach [18] with slight modification [11]. A 
sample of 10-20 p.l containing 30 !Lg of extracted proteins was subjected 
to slab gel electrophoresis (1.5 mm thick) . The gels were run in SDS 
running buffe r at 50 V for 4-5 h . After electrophoresis, gels were 
removed, stained with 0.1% Coomassie Blue in 50% meth anol and 7% 
acetic acid solution , and destained with 10% isopropyl alcohol and 10% 
acetic acid, followed by 10% acetic acid. The gel was dried on Whatman 
No. 50 fil ter paper under vacuum and exposed on Kodak XO-Mat film, 
generally 1-5 days. The resulting autoradiograph revealed those pro-
teins into which 32Pi had been incorporated. 
The standru·d M ,. proteins were subjected to the gel and determined 
by comparing the bands of interest wit h the known M,s. The following 
proteins were used as M,. s tandards: phosphorylase b (94,000) , bovine 
serum albumin (67,000), ovalbumin (43,000) , cru·bonic anhydrase (30,-
000) , soybean trypsin inhibitor (20,100) and a-lactalbumin (14,400) . 
The following ch emicals were obtained from the indicated sources: 
[ 32P]orthophosphate (J apan Atomic Energy Institute, T okyo, Japan); 
EGF and an ti-E GF serum (Collabora tive Reseru·ch, Walth am, Massa-
chusetts); phenyl-methyl-sulfonyl-fluoride (PMSF) (Sigma, St. Louis, 
Missomi); SDS, acrylamide, N,N-methylene-bis-acrylamide, N ,N ,N,N-
tetramethylenediamine, ammonium persulfate, and Coomassie Bril-
liant Blue R-250 (Bio-Rad Laboratories, Richmond, California); M,. 
standru·d proteins (Pharmacia Fine Chemicals, Uppsala, S weden) . All 
other chemicals were of analytical reagent grade. 
RES ULTS 
The separation of pig epidermal proteins int o molecular 
classes by SDS-PAGE is shown in Fig 1. The h eavily s t a ined 
proteins in the Urea -SDS-ME soluble fraction had M,s of65,000 
(A) , 60,000 (B), 56,000 (C) , and 51,000 (D) d a lton which wer e 
identical to major protein ba nds of pig epidermal k er a tin pro-
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FIG 1. SDS-PAGE pattern of pig epidermal proteins. Epidermal 
slices (0.2 mm thick) were homogenized with a glass homogenizer. 
Keratin proteins, Urea-SDS-ME soluble proteins, and Tris-HCl soluble 
prote ins were independently extracted. The extracted proteins (30 p.g) 
were subjected to SDS-PAGE and Coomassie Blue staining. St = 
standard marker proteins; 1 = keratin proteins of pig epidermal slices 
extracted by the method of Dille and Ling [15]; 2 = Urea-SDS-ME 
solu ble proteins of pig epidermal slices; 3 = Tris-HCl soluble proteins 
of pig epidermal slices. Estimated M,.s (A: 65,000, B: 60,000, C: 56,000, 
D: 51,000, F: 30,000). 
teins extracted by the method of Dale and Ling [15]. There 
were several minor protein bands in the Urea-SDS-ME soluble 
fraction (160,000, 145,000, 107,000, and 102,000 dalton) and low 
M,. proteins, one of which was 16,000 dalton. In the Tris-HCl 
soluble fraction, several protein bands including 43,000 and 
30,000 (F) dalton were detected. 
Four major protein bands (A, B, C, and D) of the Urea-SDS-
ME soluble fraction were also identical to those of keratin 
proteins of pig epidermis extracted by the method of Steinert 
[16] as shown in Fig 2. The pure pig epidermis separated by 
NaBr treatment and keratome-sliced pig epidermis (0.2 mm 
thick) contained identical major protein bands (A, B, C, and D) 
found in the Urea-SDS-ME soluble fraction. 
Fig 3 shows the result of Ouchterlony double-diffusion anal-
ysis of keratin proteins. Pig epidermal keratin proteins or Urea-
SDS-ME soluble proteins of pig epidermis cross-reacted with 
antihuman callus keratin serum which was prepared as previ-
ously reported [17]. No bands wer e prod\lced with normal 
rabbit serum. 
Fig 4 shows the SDS-PAGE pattern and its autoradiograph 
ofthe Urea-SDS-ME soluble phosphoproteins of pig epidermis. 
Four major protein bands (A, B, C, and D) and several minor 
protein bands (a, b, c, d, and H) were phosphoryla ted. The 
SDS-PAGE pattern revealed that migration of proteins was not 
altered in the presence of EGF, and the heavily stained protein 
bands extracted from both the control and the EGF-treated 
were identical. As it was necessary to apply a relatively large 
amount of extracted protein to visualize a low M ,. phosphopro-
tein (H), 4 major phosphoproteins were poorly separated. EGF 
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apparently stimulated phosphoryla tion of keratin proteins and 
several minor proteins in the Urea-SDS-ME soluble fraction of 
pig epidermis, as shown in the densitometric tracings (Fig 5). 
As shown in another densitometric tracing of both SDS-
PAGE and its autoradiograph (Fig 6, Table I), 4 major phos-
phoproteins (A, B , C, and D), which were identical to major 
protein bands of pig epidermal keratin, were definitely stimu-
lated by EGF. 
SDS-PAGE 
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FIG 2. SDS-PAGE pattern of pig epidermal keratin proteins. Epi-
dermal slices (0.2 mm thick) or NaBr-treated pure epidermis of pig skin 
were homogenized with a glass homogenizer. Keratin proteins and 
Urea-SDS-ME soluble proteins were independently extracted. The 
extracted proteins (30-40 p.g) were subjected to SDS-PAGE and Coo-
massie Blue staining. St = standard marker proteins; 1 = Urea-SDS-
ME soluble proteins of pig epidermal slices; 2 = Urea-SDS-ME soluble 
proteins of pure epidermis. 3 = keratin proteins of pure epidermis 
extracted by the method of Steinert [16]. 4 = keratin proteins of pig 
epidermal slices extracted by the method of Steinert [16]. Estimated 
M,s (a: 160,000, b: 145,000, c: 107,000, d: 102,000, A: 65,000, B: 60,000, C: 
56,000, D: 51,000, H: 16,000). 
FIG 3. Ouchterlony immunodiffusion analysis of pig epidermal pro-
teins. Antihuman callus keratin serum was produced in rabbits with 
frequent injections of keratin [17] extracted by the method of Steinert 
[16]. 1 = Urea-SDS-ME soluble pig epidermal proteins; 2 = keratin 
proteins of pig epidermis, extracted by the method of Steinert [16]; AK 
= antihuman callus keratin serum; C = preimmune rabbit serum. 
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FIG 4. Effect of EGF on Urea-SDS-ME soluble protein phosphor-
ylation. Epidermal slices were incubated with 32Pi (0.3 mCi/ml) in the 
absence ( 1) or presence (2) of EGF (0.5 !Lg/ml) at 37°C for 20 min. The 
Urea-SDS-ME soluble proteins (40 !Lg) were subjected to SDS-PAGE, 
Coomassie Blue staining, and autoradiography. Estimated M,s (a: 
160,000, b: 145,000, c: 107,000, d : 102,000, A: 65,000, B: 60,000, C: 56,000, 
D: 51,000, H: 16,000) . 
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FIG 5. Densitometric tracings from autoradiographs of 32Pi incor-
poration in the Urea-SDS-ME soluble porteins. D ensitometric analysis 
of autoradiographs shown in Fig 4. Each peak corresponds to each band 
described in Fig 4. Oblique lines represent increased ""'Pi incorporation 
in the Urea-SDS-ME soluble proteins on the EGF-treated epidermal 
slices. 
In th e Tris-HCI soluble fraction , phosphorylation of 30,000 
dalton protein (F) was significantly stimulated by EGF as 
shown in Fig 7. 
In order to examine the specificity of the EGF-stimulated 
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protein phosphorylation of pig epidermis, anti-EGF serum was 
added to incubation medium with or without EGF in the 
presence of 32Pi, and epidermal slices were incubated at 37°C 
for 30 min. The autoradiographic analysis of SDS-PAGE of the 
Urea-SDS-ME soluble phosphoproteins is shown in Fig 8. The 
presence of anti-EGF serum completely eliminated the EGF-
stimulated protein phosphorylation of the Urea-SDS-ME sol-
uble fraction. Also the EGF-stimulated phosphorylation of a 
low M ,. protein (H) and a 30,000 dalton Tris-HCl soluble protein 
(F) was inhibited by the addition of anti-EGF serum (data not 
shown). As it was necessary to demonstrate individual major 
phosphoprotein bands (A, B, C, and D) , a relatively small 
amount of a low M ,. phosphoprotein (H) was not visualized in 
the autoradiograph of Fig 8. 
Histone bands detected in the SDS-PAGE profile of Fig 8 
corresponded to low M,. protein bands found in the Urea-SDS-
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FIG 6. Effect of EGF on the phosphorylation of 4 major Urea-SDS-
ME soluble proteins. Epidermal slices were incubated with 32Pi (0.3 
mCi/ml) in the a bsence ( brohen lines ) or presence (so lid lines) of EGF 
(0.5 ~/ml) at 37°C for 30 min. The Urea-SDS-ME soluble proteins 
were extracted and 30 !Lg of extracted proteins was subjected to SDS-
PAGE, Coomassie Blue staining, and autoradiography. Densitometric 
tracings of SDS-PAGE and autoradiograph were performed. Inserts 
are profiles of SDS-PAGE and autoradiograph (left: control, right.: 
EGF-treated). 
A 
B 
c 
D 
TABLE I. Quatitation of 32Pi incorpomtion into 4 major protein 
bands of the Urea-SDS-ME soluble fraction 
SDS-PAGE Autoradiograph Autoradiograph/ SDS-PAGE 
Control EGF Control EGF Conlml EGF 
28.1 22.0 24.1 46.7 0.86 2.12 
20.5 17.9 28.5 46.7 1.39 2.61 
28.5 24.9 8.4 33.0 0.29 1.33 
16.8 20.1 8.1 21.3 0.48 1.06 
Pig epidermal slices were incubated with "2Pi in the presence or 
absence of EGF (0.5 ~/ml) at 37°C for 30 min. The Urea-SDS-ME 
soluble proteins (40 ~)were subjected to SDS-PAGE, Coomassie Blue 
staining, and autoradiography. The prof!les of SDS-PAGE and auto-
radiograph of gels were scanned on a Shimadzu scanner CS-910, and 
the port ions of the densitometric tracings were cut out by hand and 
weighed. Each value was expressed as mg of the tracings corresponding 
to individual bands. 
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FIG 7. Effect of EGF on Tris-HCl soluble protein phosphorylation. 
Epidermal slices were incubated with 32Pi (0.3 mCi/ml) in the absence 
(I and 2) or presence (3 and 4) of EGF (0.5 fLg/ml) at 37°C for 20 min. 
The Tris-HCl soluble proteins were extracted and 40/Lg of extracted 
proteins was subjected to SDS-PAGE, Coomassie Blue staining, and 
autoradiography. Estimated M r (F: 30,000). 
SDS-PAGE 
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FIG 8. Effect of anti-EGF serum on the EGF-stimulated phosphor-
ylation of the Urea-SDS-ME soluble proteins. Anti-EGF serum (0.5 
p.g/ ml) was added to incubation medium with 32Pi (0.3 mCi/ml) in the 
absence or presence of EGF (0.5 fLg/ml) and epidermal slices were 
incubated at 37°C for 30 min. The Urea-SDS-ME soluble proteins were 
extracted and 30 fLg of extracted proteins were subjected to SDS-PAGE, 
Coomassie Blue staining, and autoradiography. Histone (type US, 
Sigma, St. Louis, Missouri) was also subjected to SDS-PAGE and 
Coomassie Blue staining. St = standard marker proteins; H = histone; 
1= control; 2 = anti-EGF serum (0.5 fLg / ml) ; 3 = EGF (0.5 fLg/ml); 4 = 
EGF (0.5 p.g/ml) plus anti-EGF serum (0.5 fLg/ ml). Estimated M,s (A : 
65,000, B: 60,000, C: 56,000, D: 51,000, H: 16,000). 
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FIG 9. Reincubation of 32Pi-incorporated epidermal slices with un-
labeled phosphate. Following 20-min incubation with 32Pi (0.3 mCi/ml) 
in the presence of EGF (0.5 fLg/ ml) at 37°C, unlabeled phosphate (10 
mM KHzPO., adjusted at pH 7.4) was added to the incubation medium 
and epidermal slices were reincubated at 37°C for various time periods 
(0, 20, 40, and 60 min) . The Urea-SDS-ME soluble proteins were 
extracted and 30 fLg of extracted proteins was subjected to SDS-PAGE, 
Coomassie Blue staining, and autoradiography. Estimated M,s (A: 
65,000, B : 61,000, C: 56,000, D: 51,000). 
ME soluble fraction, one of which was identical to a 16,000 
dalton protein (H) in its mobility. 
After epidermal slices were incubated with 32Pi in the pres-
ence ofEGF, potassium phosphate was added to the incubation 
medium, and epidermal slices were reincubated at 37°C for 60 
min to detect the turnover of the phosphoproteins by the 
method of Benjamin and Singer (19]. As shown in Fig 9, m ajor 
protein bands were still phosphorylated at 20-rnin reincubation. 
The subsequent reincubation (40 and 60 min) revealed that 
major protein ba nds were gradually dephosphorylated. Among 
the 4 major phosphoprotein bands, a 60,000 dalton phospho-
protein was remar kably dephosphorylated at 60 min. It was not 
possible to visualize 2 phosphoprotein bands (C and D) in this 
picture, since a relative amount of phosphoproteins was smaller 
in C and D than in A and B, as m entioned in Figs 4 and 8. In 
addition, a 30,000 dalton Tris-HCl soluble phosphoprotein was 
slightly dephosphorylated at 60 min, but dephosphorylation of 
a low M, phosphoprotein (H) was not detected during a 60-min 
reincubat ion (data not shown). 
DISCUSSION 
EGF has various important biologic roles on cellular activities 
(1-9]. Prior studies have demonstrated that EGF stimulated 
endogenous protein phosphorylation of pig epidermis in vitro 
[10]. The EGF-stimulated protein phosphorylation was EGF 
dose-dependent and cyclic nucleotide-independent, a nd cyclo-
heximide failed to inhibit the EGF-stimulated protein phos-
phorylat ion [10]. 
In order to elucidate changes in specific metabolic alterations 
that may have been induced by EGF in epidermal cells, we 
used the autoradiographic analysis of SDS-PAGE to identify 
pig epidermal phosphoproteins stimulated by EGF. Several 
protein bands in the Urea-SDS-ME soluble fraction a nd the 
Tris-HCl soluble fi·action of pig epidermis were phosphorylated 
in the control medium. EGF stimulated phosphorylation of 4 
major protein bands-65,000 (A), 60,000 (B), 56,000 (C), a nd 
51,000 (D) - and a low M , protein band-16,000 (H)-of the 
Urea-SDS-ME soluble fraction. EGF also stimulated phos-
phorylation of a 30,000 dalton Tris-HCl soluble protein band 
(F). 
The 4 m ajor protein bands (A, B , C, and D) of the Urea-
SDS-ME soluble fraction were identical to those of pig epider-
mal keratin proteins extracted by the method of either Dale 
and Ling [15] or Steinert (16]. Furthermore, keratin proteins 
extracted fi·om pig epidermis cross-reacted with antiserum pre-
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pared against human callus keratin by the Ouchterlony immu-
nodiffusion analysis [17]. 
There were several minor phosphoprotein bands that were 
stimulated by EGF. One of them was a low M,. protein (H) 
which revealed similar mobility to a subunit of histone, al-
though no evidence is available to confirm this directly. Another 
phosphoprotein stimulated by EGF appeared in the Tris-HCl 
soluble fraction, the M, of which was a 30,000. Neither a low 
M, protein (H) in the Urea-SDS-ME soluble fraction nor a 
30,000 dalton protein (F) in the Tris-HCl soluble fraction has 
been characterized yet. 
The addition of anti-EGF serum almost completely elimi-
nated the EGF-stimulated phosphorylation of 4 major proteins 
(A, B, C, and D) and a low M, protein (H) of the Urea-SDS-
ME soluble fraction, and a 30,000 dalton Tris-HCl soluble 
protein (F). These results strongly suggest that EGF specifically 
stimulated phosphorylation of several epidermal proteins. 
In a dephosphorylation experiment, 4 major proteins (A, B, 
C, and D) and a 30,000 dalton Tris-HCl soluble protein (F) were 
dephosphorylated at 60 min following the addition of unlabeled 
phosphate, but a low M, protein (H) was not dephosphorylated 
during 60-min reincubation. A delayed response to the addition 
of unlabeled phosphate can result from either the reincubation 
medium in which both labeled and unlabeled phosphate were 
present or the use of epidermal slices in which the ~2Pi replace-
ment from phosphoproteins took a longer time than other 
systems such as cell suspension. 
The importance of keratin protein phosphorylation was em-
phasized by several authors [20-22], but neither stimulators 
nor inhibitors of keratin protein phosphorylation have been 
identified. The EGF-stimulated phosphorylation of keratin pro-
teins may have an important meaning to elucidate biologic roles 
of keratin phosphorylation on epidermal cells, since EGF in-
duces hyperkeratotic epidermis in vivo [1] and stimulates 
squame production of epidermal cells in vitro [23]. 
Cohen and coworkers purified the EGF receptor, the EGF-
dependent protein kinase, and the substrate for phosphoryla-
tion from plasma membrane of A431 epidermoid carcinoma 
cells [24]. The EGF-stimulated phosphorylation reactions in 
the A431 membranes have suggested that .the binding of EGF 
activated a membrane-bound, cyclic nucleotide and calcium-
independent protein kinase which was capable of phosphoryl-
ating exogenous substrate such as histone. It is not certain 
whether these phosphoproteins of pig epidermis, stimulated by 
EGF, were due to the activation of a membrane-bound protein 
kinase. The evidence that the EGF-stimulated protein phos-
phorylation was cyclic nucleotide-independent in the pig epi-
dermal system may suggest the possibility that a membrane-
bound protein kinase was involved in the EGF-dependent pro-
tein phosphorylation of pig epidermis. Since EGF enhances 
protein phosphorylation at tyrosine residue through the tyro-
sine-specific protein kinase system [25], fmther studies to char-
acterize phosphoamino acids of pig epidermal proteins stimu-
lated by EGF a1·e now under investigation. 
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